Structural phase transitions in ferroelectric perovskites have been intensely investigated over many decades owing to their large impact on physical properties as well as technology applications. Barium titanate (BaTiO3) is a ferroelectric, and considered as a classic example of displacive phase transition. Atomic displacements accompanied by polarization change, BaTiO3 successively transforms from a high-temperature paraelectric cubic phase to three low-temperature ferroelectric phases with tetragonal (T), orthorhombic (O), and rhombohedral (R) symmetries. However, various experimental and theoretical studies suggested order-disorder character [1, 2] , in which the atomic positions change by performing thermally activated jumps between two or more equilibrium positions. Thus, there is a need to probe the crystal symmetry in nanoscale or even at unit-cell level in order to understand the physics of phase transition.
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To map out symmetry variations across region of interest in nanoscale, we used energy-filtered scanning convergent beam electron diffraction (EF-SCBED) along with a new proposed algorithm for symmetry quantification. EF-SCBED is based on automated recording of energy-filtered CBED patterns on the CCD camera while scanning over the user-defined region with a nanometer-sized focused electron beam. Each CBED pattern was energy-filtered using an in-column Omega Filter with an energy window of 10 eV to reduce inelastic scattering background. The symmetry quantification is based on the method proposed by Kim & Zuo [3] , using the normalized cross-correlation coefficient (γ) of intensities between a pair of CBED discs. However, it is possible to have different values for different pair of reflections in an experimental CBED pattern. To provide one γ for each CBED pattern, our new algorithm weights each value with respect to the disc intensities.
For example, we take Si [110] CBED pattern as a test. Figure 1(a) shows the symmetry variation map of a scanned area of 25nm x 25nm. Take the CBED pattern of highest γ value as an example (corresponds to white region in figure 1(a) .6%, respectively. The observed mirror planes are consistent with the space group Amm2 in the O phase and R3m in the R phase. These imply the existence of true tetragonal symmetry at room temperature, orthorhombic symmetry at 263K, and rhombohedral symmetry at 95K. However, we also detected regions with broken symmetries, which was also reported by Tsuda et al. using a similar technique (STEM-CBED method) [4, 5] . In summary, EF-SCBED allows detection of the highest symmetry in a TEM sample and elimination of sample defects and strain. Mirror symmetry is detected with a 1nm probe, consistent with the T, O, and R symmetry of BaTiO3. 
